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Fertility preservation is a central element of survivorship for many of the more than 25,000 reproductive-aged women diagnosed with breast cancer each year. 1 With approximately 15% of diagnoses occurring in women of reproductive age, breast cancer is the most common malignancy diagnosed in this age subset. 2, 3 Given the increasing population of young women, the modern trend for women in our society to delay childbearing until later in life, 2, 4 and ongoing improvements in breast cancer survival, the population of women who desire pregnancy after a breast cancer diagnosis is increasing. However, data indicate that pregnancy rates among cancer survivors are significantly lower than in matched controls. This gap is particularly marked in breast cancer survivors: in a registry-based study from Norway, the hazard ratio (HR) for pregnancy in female breast cancer survivors, compared with healthy controls, was 0.33 (95% CI, 0.27-0.39). By contrast, the pregnancy HR for all female cancer survivors compared with healthy controls was 0.61 (95% CI, 0.58-0.64), and the chance of pregnancy in a female survivor of thyroid cancer or melanoma was equivalent to that in healthy controls. 5 Therefore, now more than ever, breast cancer clinicians must assess and address fertility-related concerns as part of routine care in young women with breast cancer.
However, fertility risks and preservation options are presently underdiscussed by the medical oncology community. 6 In one study of women diagnosed with localized breast cancer at 40 years of age or younger, only 68% reported having discussed fertility issues with their clinical team before starting therapy, 7 and in a physician survey in the United States, fewer than half of oncology providers always or often referred patients with fertility-related questions to a fertility specialist. 8 Even when issues are addressed, there is a dearth of information to inform fertility concerns and decision-making. Although the fertility implications of breast cancer diagnosis and treatment carry significant weight for most young women with breast cancer, 7 studies of fertility outcomes are currently limited, decision-making around pregnancy and fertility preservation remains highly individualized, and large studies in this area have been difficult to accomplish, even as the relevant population expands. Nonetheless, recent data and ongoing research continue to improve our understanding of the fertility-related risks and the pros and cons of interventions to preserve fertility for young breast cancer survivors.
The Impact of Breast Cancer Treatment on Fertility
The risk of infertility related to breast cancer treatment is a difficult topic to study for a variety of reasons. First, few studies have focused on and collected pertinent outcomes, such as return of menses, successful pregnancy, and timing of permanent menopause after systemic therapy. 9 Second, it is difficult to determine the right metric for fertility. Although it is easiest to assess for the presence or absence of menses, data in the postchemotherapy population demonstrate that ovarian reserve may be diminished despite the resumption of regular menses. 10, 11 For feasibility purposes, menses are equated with fertility in much of the breast cancer fertility literature, necessitating the use of this equivalence throughout this review; however, it should be noted that menstruation does not necessarily connote fertility.
Lastly, there appears to be substantial heterogeneity in outcomes between patients, and only limited research has identified important patient-specific determinants beyond age. In one retrospective study of premenopausal patients with breast cancer, the odds ratio of developing chemotherapy-related amenorrhea (CRA) was 10.1 and 39.5 in patients aged 35 to 39 years and 40 to 44 years, respectively, compared with a reference group of patients younger than 35 years old. 12 Given that the risk of CRA increases by an order of magnitude over just a 5-to 10-year interval, considering average CRA rates for all premenopausal women is of limited value for an individual patient; age-stratified data and discovery of biomarkers predictive of fertility after treatment are needed and are the focus of ongoing research efforts.
Despite these limitations, a general understanding and estimation of a woman's infertility risk with a specific treatment regimen are necessary components of effective fertility preservation counseling. Table 1 summarizes data on rates of persistent CRA after different chemotherapy regimens, with a focus on modern regimens and on analyses that separate patients by age group. CRA rates in patients older than 50 years are not included in the table, because rates approach 100% regardless of chemotherapy regimen as women approach the age of natural menopause. 12 A few general principles for predicting ovarian toxicity of breast cancer chemotherapy should be underscored. The risk of CRA directly correlates with cyclophosphamide dose, because alkylating agents are particularly gonadotoxic. 11, 13 Hence, cyclophosphamide/methotrexate/5-fluorouracil (CMF) causes significantly higher rates of CRA than doxorubicin/ cyclophosphamide (AC) (69% vs 34%, respectively, in one nonrandomized study in which CMF was administered as 100 mg/m 2 orally on days 1-14 of a 28-day cycle for 6 cycles, resulting in 8,400 mg/m 2 total cyclophosphamide), in large part because standard CMF administration entails much higher cyclophosphamide dosing than the standard 4 cycles of AC.
14 It should be noted that cyclophosphamide as a component of CMF can be administered via different dosing routes (intravenous vs oral), schedules, and durations, and although it is clear that greater cumulative dose confers an increased risk of CRA, the impact of administration route and dose intensity/duration on CRA is not known.
14 Although some data suggest that adding a taxane to a standard AC regimen does not appear to add a significant fertilityassociated risk compared with AC alone, 12, 15 other data indicate that some additive taxane-associated risk does exist. 16 The gonadotoxic effect of docetaxel is also unclear; one recent analysis suggests that docetaxel/cyclophosphamide (TC) is no worse than AC in terms of CRA rates, 15 but this result is based on a single small cohort that was not powered for this comparison, and must be interpreted with caution. Further investigation of docetaxel-based regimens is warranted. Gathering data on the clinical gonadotoxicity of platinum agents should also be a priority, given recent evidence that platinum compounds are particularly effective in BRCA1/2-mutated patients. 17 Of relevance to HER2-positive patients, available data suggest no significant additive impact on amenorrhea from 1 year of trastuzumab therapy, 12 and the CRA rate associated with paclitaxel/trastuzumab (TH) for women with small HER2-positive tumors (28% across all age groups) is likely driven by the paclitaxel and may not be significantly higher than natural menopausal rates in a similarly aged population, 18 although these findings require further validation in additional cohorts. In women treated for hormone receptor-positive early-stage breast cancer, multiple studies demonstrate an association between tamoxifen use and persistence of postchemotherapy amenorrhea. 12, 19, 20 Rather than representing a gonadotoxic effect of tamoxifen, this likely reflects the known association of tamoxifen with menstrual irregularities, in addition to the natural age-related loss in ovarian reserve that occurs over a standard 5-to 10-year course of tamoxifen.
Shaping expectations around the timing of loss and resumption of menses may also be of practical use in counseling patients. In one prospective cohort of premenopausal patients with breast cancer with a median age of 39.5 years, 88% experienced at least 3 months of amenorrhea while undergoing chemotherapy, and there was no discernible difference between the patients who lost versus maintained menstruation while on chemotherapy. 21 Among patients who resume menstruation, this occurs within 6 months of chemotherapy completion in 62%, within 6 to 12 months of completion in an additional 31%, and beyond 12 months in only 7% of patients. 12 Based on these data, although most women will become amenorrheic while on chemotherapy, most of those who will resume menstruation do so within 12 months. In contrast, a woman who remains amenorrheic for more than a year postchemotherapy has a very low chance of regaining normal menstrual function.
Given the substantial interindividual variability in the risk of CRA, additional patient-specific parameters to predict which patients are at highest risk are needed. As depicted in Table 1 , patient age and treatment received dominate risk estimates. Recently, pretreatment levels of antimüllerian hormone (AMH) have consistently appeared to predict chances of postchemotherapy recovery of ovarian reserve and menstruation. [21] [22] [23] In one multivariable model, baseline body mass index (BMI) in the overweight or obese range (compared with the normal range) also predicted menstrual resumption, in addition to age and AMH levels, although data regarding BMI have been inconsistent. 12, 21 Ongoing and future research in this area is clearly needed.
Fertility Preservation Options for Patients With Breast Cancer
A number of strategies are available or are in development to maximize the potential for future childbearing in patients with breast cancer who desire to preserve fertility. An overview of the options, including their relative advantages and disadvantages and the status of their clinical availability, is provided in Table 2 . In brief, the best established method is embryo cryopreservation, which involves a protocol of controlled ovarian stimulation using exogenous hormones to achieve ovarian follicle maturation, followed by in vitro fertilization (IVF) and embryo freezing. 3 Oocyte cryopreservation, which was adopted as a standard treatment for infertility in 2012 by the American Society for Reproductive Medicine when success rates were improved, 24 is similar to embryo cryopreservation except that oocytes are frozen before fertilization. One of the concerns associated with both of these methods is the need to delay cancer treatment. Part of the need for this delay, which is usually only a few weeks, arises from the standard practice of waiting to begin ovarian stimulation until the follicular phase of the menstrual cycle. To address this, alternative protocols for timing ovarian stimulation have been developed. Recent data suggest that the number of aspirated oocytes and the oocyte fertilization rate obtained after stimulation starting in the standard follicular phase versus the nonstandard luteal phase of the cycle are not significantly different, indicating that both phases may be viable options. 25 The second major issue associated with standard ovarian stimulation methods is the use of exogenous hormones to produce grossly supraphysiologic (approximately 10 times normal) estrogen levels, 3, 26 a concern in patients with hormonesensitive malignancy. Although standard stimulation protocols require on average 10 to 11 days of gonadotropins, the omission of stimulation has been explored. Unfortunately, such natural-cycle IVF, which involves aspiration of a woman's existing ovarian follicles without performing controlled ovarian stimulation, provides a relatively low yield, producing one embryo in only 60% of cycles. 27, 28 Use of alternative, less strongly estrogenic agents for ovarian stimulation appears more promising. In a prospective, controlled, nonrandomized study of 60 women with breast cancer before chemotherapy, tamoxifen plus the gonadotropin folliclestimulating hormone (FSH) and letrozole plus FSH both produced a higher embryo yield than tamoxifen alone. 26 Tamoxifen alone, in turn, works better than natural-cycle IVF. 28 Two prospective studies, containing a total of 275 premenopausal patients with breast cancer undergoing IVF before chemotherapy, demonstrate that these alternative ovarian stimulation protocols do not appear to be associated with any increased risk of breast cancer recurrence. 26, 29 Importantly, pregnancy outcomes after ovarian stimulation with letrozole and gonadotropins in premenopausal, prechemotherapy patients with breast cancer are on par with those of the noncancer population, with a 51.5% fertility preservation rate among 33 women who attempted pregnancy using cryopreserved embryos. 2 Additional fertility-preserving methods are in development, including cryopreservation of ovarian tissue itself. This process involves surgical oophorectomy and cryopreservation of ovarian cortical strips before chemotherapy. Subsequently, the ovarian tissue is thawed and transplanted back into the host in an autologous fashion. 27 The first report of a successful pregnancy resulting from this method, documented in a young woman who became infertile after receiving high-dose chemotherapy for non-Hodgkin's lymphoma, was published in 2005. 30 As of 2015, at least 42 live births had been achieved via autotransplantation of ovarian tissue. 31 Aside from its limited success rate to date, the main risk of this technique is the potential to transplant malignant cells back into the body along with ovarian tissue, although this has never been reported, and multiple histologic and microscopic screening measures to minimize this risk are available. 24, 31 In vitro follicle maturation is a more recent extension of ovarian tissue cryopreserva- tion, in which immature follicles are aspirated from stored ovarian tissue, matured in vitro, then fertilized and transferred to the uterus. 27 The first successful pregnancy achieved by this method was reported in 2014. 32 Although promising, both of these ovarian cryopreservation-based techniques remain investigational and are not generally available to patients with breast cancer outside of a clinical trial. 24 A final potential fertility preservation strategy, and a topic of much debate, is the use of gonadotropin-releasing hormone (GnRH) agonists concurrent with chemotherapy. Use of GnRH agonists has been posited to improve the chances of ovarian recovery postchemotherapy through a variety of mechanisms, including decreasing ovarian and uterine perfusion, increasing antiapoptotic mechanisms within the ovary, and protecting germline stem cells. 20 Two large breast cancer-specific randomized controlled trials of the GnRH agonists triptorelin and goserelin both demonstrated a significantly lower rate of postchemotherapy ovarian failure in patients receiving, a GnRH agonist plus chemotherapy versus chemotherapy alone: 8% versus 22%, respectively, in the Prevention of Early Menopause Study (POEMS) (P=.02), 33 and 8.9% versus 25.9%, respectively, in the PROMISE trial (Prevention of Menopause Induced by Chemotherapy: A Study in Early Breast Cancer Patients) (P<.001). 20 Additionally, in PO-EMS, significantly more pregnancies were seen in women who received goserelin (21%) than in those who did not (11%; P value for comparison = .03). 33 Of note, all women enrolled in POEMS had hormone receptor-negative breast cancer, whereas approximately 80% of women in PROMISE had hormone receptor-positive breast cancer. In POEMS, ovarian failure was defined at 2 years as lack of menses in the preceding 6 months and FSH levels in the postmenopausal range; in PROMISE, ovarian failure was defined as lack of menses and FSH levels in the postmenopausal range for 1 year after chemotherapy. 20, 33 Although increasing data support the use of GnRH agonists for ovarian protection, it is important to note that the overall body of evidence remains inconsistent. Many other randomized trials addressing this question in both hormone receptorpositive and hormone receptor-negative breast cancer have been performed, some with negative results. 34, 35 A number of large meta-analyses have also reached disparate conclusions, some supporting and some rejecting the benefit of GnRH agonists as a fertility preservation approach. [36] [37] [38] A patient-level meta-analysis is underway using data from all of the available randomized controlled trials, and the hope is that results will inform future guidelines in this regard. Currently, given the lack of safety concerns, it is reasonable to consider using this strategy in women who wish to add this to other options or for whom other options are not feasible.
Understanding the risks associated with adding GnRH agonists to chemotherapy is essential for counseling patients about this strategy. Grade 3 adverse events do not increase significantly; however, rates of grade 2 and higher toxicities are increased with the addition of a GnRH agonist (48% with goserelin plus chemotherapy vs 24% with chemotherapy alone), with the most marked differences being increased incidence of hot flashes and headaches in the goserelin group. 33 There is also the theoretical concern that using a GnRH agonist (an antiestrogen agent) during chemotherapy could decrease chemotherapy efficacy in hormone receptor-positive breast cancer. This concern arises from previous evidence in postmenopausal women with hormone-responsive breast cancer suggesting that concurrent tamoxifen (also an antiestrogen agent) during chemotherapy was associated with an increased risk of disease recurrence compared with tamoxifen after chemotherapy. 39 However, tamoxifen and a GnRH agonists have entirely different antiestrogen mechanisms, and no evidence shows that GnRH agonists compromise the benefits of chemotherapy. 33 If use of GnRH agonists for fertility preservation is widely adopted, then further investigation of the safety of this approach in hormone receptor-positive patients may be worthwhile in order to mitigate this concern. Data sets in which to pose this question already exist: premenopausal women with hormone receptor-positive breast cancer on the Suppression of Ovarian Function Trial (SOFT) were treated with ovarian suppression starting after administration of adjuvant chemotherapy, whereas similar women on the Tamoxifen and Exemestane Trial (TEXT) were treated with ovarian suppression starting during administration of adjuvant chemotherapy. 40, 41 A comparison of these 2 patient groups would potentially help to address the issue of whether ovarian suppression with GnRH agonist during (as opposed to after) chemotherapy has any detrimental impact on breast cancer outcomes.
Barriers to Use of Fertility Preservation
Limited data suggest that only a minority of premenopausal patients with breast cancer use fertilitypreserving techniques (10% in one cohort), 7 and of those who choose to freeze embryos or oocytes, a further minority report using them to attempt subsequent pregnancy. In a cohort of women who underwent embryo cryopreservation before breast cancer chemotherapy, approximately 25% (33 of 131 women) returned to use the embryos, at a median of 5.25 years after cryopreservation 2 (it is unknown to what extent this reflects successful pregnancies achieved without reliance on banked embryos).
A variety of factors may contribute to the surprisingly low use of fertility-preserving techniques available for patients with breast cancer. As discussed earlier, a lack of patient awareness due to inadequate discussion of treatment-related fertility risks [6] [7] [8] likely plays a role. Psychosocial concerns are also relevant; in a recent survey-based study from the Netherlands examining women's decision-making regarding fertility preservation before gonadotoxic therapy (58% of women in this study had breast cancer), the most important determinants of using fertility preservation methods were the wish to conceive and the presence of a stable partner. Conversely, the most important correlate of foregoing fertility preservation was the expected burden of the process itself. 42 Cost is an important consideration for many patients, because there can be a significant financial burden associated with embryo/oocyte cryopreservation, and insurance coverage is not required. 9 Wealthier patients with breast cancer are more likely to undergo fertility-preserving treatment, 43 and in one nonbreast cancer study of American young adults with cancer, 19% of women cited finances as a reason to forego fertility preservation. 44 Lastly, health-related concerns, including fear of future cancer recurrence or treatment-related complications, 5 anxiety about treatment delay, 44 and fear about the safety of future pregnancy, all may heighten apprehension about fertility preservation at the time of diagnosis.
Safety of Pregnancy After Breast Cancer
An important corollary to the question of whether pregnancy can be achieved after breast cancer is whether pregnancy after breast cancer is safe. Because most breast tumors are driven by estrogen signaling, there has been understandable concern about the impact of pregnancy on recurrence risk in breast cancer survivors. However, retrospective multivariable analysis of a large population-based data set and meta-analysis of multiple smaller studies have demonstrated that pregnancy after breast cancer confers no increased risk of adverse outcomes. 45, 46 In fact, if anything, pregnancy after breast cancer is associated with improved survival, an observation that may be attributable at least in part to the "healthy mother effect," the phenomenon that survivors who pursue pregnancy are likely healthier than their counterparts. 47 Extending these findings, Azim et al 48 recently performed a multicenter retrospective cohort study to examine breast cancer outcomes postpregnancy according to estrogen receptor status. They found no significant difference in disease-free survival for estrogen receptor-positive (HR for pregnant vs nonpregnant, 0.91; 95% CI, 0.67-1.24) or estrogen receptor-negative patients (HR for pregnant vs nonpregnant, 0.75; 95% CI, 0.51-1.08). A small, retrospective cohort study of women who became pregnant after breast cancer has likewise shown that there is no significant detrimental effect of using assisted reproductive technology on breast cancer outcomes. 49 The POSITIVE trial (Pregnancy Outcome and Safety of Interrupting Therapy for Women with Endocrine Responsive Breast Cancer; ClinicalTrials.gov identifier: NCT02308085) is a currently enrolling single-arm study that will prospectively evaluate the safety of interrupting hormonal therapy to attempt pregnancy for women with hormone receptor-positive breast cancer, including disease, reproductive, and psychosocial outcomes. These data will help address several outstanding questions in this area.
Conclusions
The medical community is increasingly embracing a care approach focused on maximizing outcomes that matter to patients. For many young women with breast cancer, the prospect of fertility loss is of central importance to their treatment experience, and warrants increased attention. Overcoming the current barriers to fertility preservation in patients with breast cancer requires a multifaceted approach, but this goal is both feasible and worthwhile. The lack of good data and the emotion-laden burden of the topic make it difficult to discuss, but the literature is growing steadily. The multidisciplinary connections necessary to facilitate timely referrals and care are a challenge, but must be made. Insurance coverage prohibits some patients with cancer from accessing the fertility services that they need, but this is expanding. 9 Lastly, as emerging data like those from the SOFT and TEXT trials teach us more about the efficacy of combined hormonal blockade, 40, 41 we must be increasingly discriminating about which patients should receive chemotherapy. Thankfully, most young patients with breast cancer will do very well. Thus, the burden is on us to ensure that their longterm survivorship concerns are heard and managed from the time of diagnosis and onwards.
